ROBUST  SEMI-ACTIVE  RIDE  CONTROL 
UNDER  STOCHASTIC  EXCITATION 

Jeremy  Kolansky-  Virginia  Tech 
Amandeep  Singh,  Jill  Goryca-  US  Army  TARDEC 


r 


INTERNATIONAL 


UNCLASSIFIED:  Distribution  Statement  A.  Approved  for  public  release 


Report  Documentation  Page 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 

VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 

1 .  REPORT  DATE  2.  REPORT  TYPE 

04  MAR  2014  Briefing  Charts 

3.  DATES  COVERED 

04-01-2014  to  21-02-2014 

4.  TITLE  AND  SUBTITLE 

ROBUST  SEMI-ACTIVE  RIDE  CONTROL  UNDER  STOCHASTIC 
EXCITATION 

5a.  CONTRACT  NUMBER 

W56hzv-04-2-0001 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

Jeremy  Kolansky;  Amandeep  Singh;  Jill  Goryca 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS (ES) 

Virginia  Polytechnic  Institute  and  State  University ,222  Burruss 

Hall, Blacksburg, VA, 24061 

8.  PERFORMING  ORGANIZATION  REPORT 

NUMBER 

;  #24517 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

U.S.  Army  TARDEC,  6501  East  Eleven  Mile  Rd,  Warren,  Mi, 

48397-5000 

10.  SPONSOR/MONITOR’S  ACRONYM(S) 

TARDEC 

11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 

#24517 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

14.  ABSTRACT 

Briefing  charts  for  SAE  2014 

15.  SUBJECT  TERMS 

16.  SECURITY  CLASSIFICATION  OF:  17.  LIMITATION 

OF  ABSTRACT 

18.  NUMBER  19a.  NAME  OF 

OF  PAGES  RESPONSIBLE  PERSON 

a.  REPORT  b.  ABSTRACT  c.  THIS  PAGE  Public 

unclassified  unclassified  unclassified  Release 

16 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


Disclaimer 


**Disclaimer:  Reference  herein  to  any  specific  commercial  company, 
product,  process,  or  service  by  trade  name,  trademark,  manufacturer,  or 
otherwise,  does  not  necessarily  constitute  or  imply  its  endorsement, 
recommendation,  or  favoring  by  the  United  States  Government  or  the 
Department  of  the  Army  (DoA).  The  opinions  of  the  authors  expressed 
herein  do  not  necessarily  state  or  reflect  those  of  the  United  States 
Government  or  the  DoA,  and  shall  not  be  used  for  advertising  or  product 
endorsement  purposes.** 


SAE  INTERNATIONAL 


2014-01-0145 


UNCLASSIFIED 


2 


Outline 


•  Introduction/Overview 

•  Vehicle  Modeling 

•  Road  Profile  and  Stochastic  Excitation 

•  Performance  Metrics 

•  Control  Methodology 

•  Simulation  Results 

•  Robust  for  parameter  range 

•  Robust  for  unknown  input 

•  Comparison 

•  Conclusions 


SAE  INTERNATIONAL 


2014-01-0145 


UNCLASSIFIED 


3 


Introduction/Overview 


Ride  comfort  for  military  vehicles  are  important  for  several  reasons: 

1)  Fatigue  caused  by  vehicle  vibrations 

2)  Motion  sickness  reduction  by  smoothed  vehicle  motions 

3)  Ability  to  modify  handing  conditions  based  upon  terrain 

Suspension  Type: 

1)  Fully  Active  Suspension 

2)  Passive  Suspension 

3)  Semi-Active  Suspension 

Control  Method: 

1)  LQR/H-Infinity/Linear  Methods 

2)  Nonlinear/Adaptive 

3)  Discontinuous  (Parameterized  or  otherwise) 
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Vehicle  Modeling 


Seven  Degree  of  Freedom  Vehicle  Model 


Suspension  Forces 

Ffi  =  kfi(z  -a6  +  l<f>-zfl)  +  cfl(z  -aO  +  lcp-  zfl )  (1 ) 

Ffr  =  kfT(z  -  a  8  -r<p  -  Zfr )  +  Cfr{z  -  a8  -  r<p  -  Zfr)  (2) 

Fri  =  kri(z  +  b  6  +  1(f)  -  zri )  +  crl(z  +  b9  +  l(p  -  zrI)  (3) 

Frr  =  krr (z  +  b  8  -  r<p  -  zrr)  +  crr (z  +  bd  -r<p  -  zrr )  (4) 
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Vehicle  Body  Dynamics 
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Road  Profile  and  Stochastic  Representation 


Third  Order  Auto  Regressive  Time-Series  Model 


Road  Input 


Ui  0 ^  Ui—\  T  02  ^i— 2 

+  03  Ui_3  +  £t 


(12) 


Feedback  Coefficients  £ 

0!  =  1.2456,  s 

02  =  -0.2976, 

03  =  -0.1954, 

El  =  Gaussian  White  Noise,  Unity  Variance 
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A  series  of  statistical  tests  were  conducted  to  examine  the  validity  of  the 
time-series  model  representation  of  the  road  profile 
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Road  Profile  and  Stochastic  Excitation 


Third  Order  Auto  Regressive  Model 

Ui  =  0!  Ui_!  +  02  Ui_ 2  +  03  3  +  f(-  (12) 
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Front-Right-Wheel: 
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Rear-Right-Wheel: 


ZwflOO  " 
■Z wfrO-J 

Z wrl  (0 


=  zr(t  +  8)  =  ui+s 

=  zr(t  +  y  =  u. 


Z'wrrO-')  Zr(t  +  ^  +  5)  ^j+iL+|sj 


Wheelbase:  L  Vehicle  Speed:  vs  Delay:  8 
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Performance  Metrics 


•  Absorbed  Power  (At  the  seat  locations) 

*  Next  Slide 

•  RMS  Acceleration  (At  the  seat  locations) 

*  yJI/N 

*  Road  Holding  (At  each  wheel) 

*  z wheel  ~  zroad 

♦  Rattle  Space  (For  each  suspension  strut) 

"  zbody  zwheel 
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Performance  Metrics  -  Absorbed  Power 


*  Absorbed  Power 

•  Measure  of  ride  comfort 

•  Amount  of  energy  absorbed  from  ride  vibration 
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•  Actual  absorbed  power  with  physical  characteristics 

•  Typical  coefficients  of  a  50th  percentile  man  are  used 

•  For  the  7-DOF  model,  the  absorbed  power  is  computed  at  all  the 
four  seats  (two  in  front  and  two  in  rear),  and  averaged  to  represent  a 
single  ride  comfort  metric  used  for  the  study. 
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Control  Methodology  -  Accelerometer  Driven  Damper  (ADD) 


Infinite  Control  Authority  ADD 

C desired  ~  ^ min  “h  ^{zZdef)  (C-max  ~  ^ min ) 


Moving  Average  Filter 
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Simulation  Results  -  Parameter  Effects 


Response  Surface  for  Varying  Sliding  Window  Length  and  Damping 
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Simulation  Results  -  Parameter  Effects 


Absorbed  Power  Response  for  Varying  Moving  Average  Length  and  Mass 
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Mean  Absorbed  Power 


Simulation  Results  -  Stochastic  Road  Effects 


A 


Response  Surface  for  Varying  Sliding  Window  Length  and  Road  Roughness,  15  MPH 


Sliding  Window  Length  (points) 
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Mean  Absorbed  Power 


Simulation  Results  -  Stochastic  Road  Effects 


Response  Surface  for  Varying  Sliding  Window  Length  and  Road  Roughness,  30  MPH 


Sliding  Window  Length  (points) 
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Simulation  Results  -  Ride  Comfort  Comparison 


Comfort  Performance  for  Smoothed  ADD  Control 
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Comfort  Performance  for  Original  ADD  Control 


Road  Variance  (inch)  1  07  Vehide  Mass  (kg) 


Quarter  Car  Results 
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Conclusions 


•  Smoothing  function  significantly  improves  over  the  original  ADD  control  for 
the  higher  fidelity  models  than  just  quarter  car  models. 

•  Invariant  with  respect  to  vehicle  mass/inertia  (Does  not  require  any  vehicle 
parameters) 

•  Invariant  with  respect  to  road  profile 

•  Computationally  efficient  algorithm.  Challenge  comes  from  sensor 
implementation 
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